Abstract. In order to better describe the switching characteristics of GaN, in this paper, the 650V enhanced GaN power devices GS66502B is taken as an example for dynamic testing, based on the double pulse test platform, the characteristics of GaN are analyzed. Secondly, the effects of parasitic parameters, such as gate drive resistance, parasitic capacitance and parasitic inductance, on the switching characteristics of GaN are discussed. The simulation is carried out on the LTspice software and verified by experiments, and the waveforms of the gate drive voltage, drain source voltage and drain current of the GaN power devices in two cases of turn-on and turn off are given in this paper. The results are compared and analyzed, and the influence of a single parasitic parameter on the switching characteristics of GS66502B is analyzed. Finally, the result is verified by experiments. Can be seen from the results of the analysis, the influence of parasitic inductance is one of the main factors, the transistor off moment can produce larger voltage spike and ringing.
Introduction
GaN is the representative of the third generation semiconductor devices, which has the advantages of higher power density, smaller conduction resistance, smaller switching loss, faster switching speed and so on [1] . If the switching frequency of the switching power supply is raised, the volume of the passive components in the circuit can be reduced to improve the power density. At this time, the parasitic parameters that can be ignored at low frequencies must be considered to prevent the oscillation generated by parasitic inductance and parasitic capacitance to bring high stress to GaN devices under high frequency operation.
At present, the research on the performance of GaN power devices is not perfect enough, and the characteristic data provided by device manufacturers are limited, so it is necessary to further study the performance of GaN. In this paper, the GS66502B chip of GaN System is taken as the research object. The influence of parasitic parameters on switching characteristics is studied by comparing the simulation and experiment.
Experimental Principle The Principle of Double Pulse Test
The principle of double pulse test is that the drive circuit sends out a wide and narrow two pulse, and the GaN power device is turned off for two times [2] . At t0 time, when the wide pulse is coming and the VGS rises, the GaN power device enter the conduction state. The voltage at both ends of the main circuit is almost all added to the inductor, and the inductance current rises linearly. At this time, the conduction current IDS of the GaN power device is equal to the inductance current IL. At the time of t1, the wide pulse ends and the VGS drops to zero. The power devices turn off while the equivalent diode starts to change, and the inductance current is almost constant. At the time of t2, when the narrow pulse arrives, the current in the circuit has reached a certain value, so it can effectively test the ability of GaN power device to turn on with load and observe its commutation with the equivalent diode, t2 to t3 time, current ID and IL continue to rise linearly, the energy stored in the inductor until the second shut off completely consumed, as shown in figure 1. 
Circuit Design
If the switch resistance is too large, the switching speed will be reduced and the loss will be increased. If the switch resistance is too small, the switching speed will be very large, and the switching loss will also increase. This is the gate oscillation caused by the Miller effect. Turn-off resistance is commonly used in the range of 1-2 Ω [3] , providing a fast gate drive pull-down function. For the reverse dv/dt, reverse Miller current, there must be a low impedance path to reduce the reverse gate peak voltage and the resonance caused by LC resonance. Therefore, the switching speed of the GaN power device can be well controlled by the gate resistance. Selecting the appropriate Rg-on / Rg-off ratio is helpful to the stability of the drive performance. According to the reference [3] , this paper selects LM5114 as the driving chip of GS66502B gallium nitride device. Design the basic drive circuit, as shown in figure 2. 
Simulation and Experiment of Double Pulse Circuit
The simulation and experimental conditions are the supply of 30V input voltage from DC source, the inductance value is 120uH, the double pulse width 10us,and the test current of 2.5A from the I=Ut/L. Importing the equivalent model of GS66502B and LM5114.The simulation waveform is shown in figure 3 (a). The opening time of GS66502B is 20ns, the turn off time is 150ns, the experimental waveform is like figure 3(b).
Contrastive analysis shows that in the ideal case of simulation, the opening and closing of GaN power devices is ideal, but in experimental cases, there is actually the influence of line parasitic inductance. Therefore, it is proposed that the simulation of the characteristics of the GaN power device is compared to the actual condition of the experiment. The simulation needs to consider the influence of the parasitic inductance. The following is a two pulse test waveform comparison for simulation and experiment. 
Influence of Parasitic Parameters on Switching Characteristics
In high frequency, the change rate of the current and voltage are very large, so the influence of the parasitic parameters is very obvious. The parasitic parameters are mainly composed of gate resistance, parasitic capacitance (gate-source capacitance Cgs, gate-drain capacitance Cgd, drainsource capacitance Cds), and parasitic inductance (gate inductance Lg, source inductance Ls, drain inductance Ld). In this paper, a single variable method is used to study the influence of one parasitic parameter on the switching characteristics of GaN power devices under the condition of other parasitic parameters unchanged [4, 5] . Figure 4 is the waveform of GaN power devices gate-source voltage Ugs, the drain-source voltage Uds and the leakage current ID at different Rg. From the diagram, we can see that at the opening time, with the increase of Rg, the switching speed becomes slower, and the delay occurs at the moment of interruption, but it decreases the voltage spike and the current spike. When the resistance is 3Ω, the current peak of the opening is up to 9.6A. 
Grid Resistance

Parasitic Inductance
According to the related data handbook, the gate inductor Lg, the source inductor Ls, the drain inductance Ld select 0,10,25nH respectively. The interruption was observed in second pulses.
 Gate inductor Lg. Figure 5 shows that the on-off waveform under different Lg values, Lg will charge and discharge with input capacitance, forming a resonant circuit, which makes the voltage oscillate at both ends of the gate-source, but has little effect on the voltage at both ends of the drainsource. With the increase of Lg, the peak of gate-source voltage increases slightly, the oscillation period becomes larger, and the drain current is greatly affected.
 Source inductance Ls. Figure 6 shows the GaN power devices switching waveform under different Ls values. It can be seen from the diagram that with the increase of Ls, the opening time of the switch tube becomes larger. When the inductance is 25nH, the amplitude of the oscillation is obviously increased. At the same time, the peak of the voltage and current increases slightly, and the delay time of the drain current becomes shorter at the turn off time.
 Drain inductor Ld. Figure 7 shows the switching waveforms of different Ld.From the waveform can be seen that during the opening process, with the increase of Ld, the oscillation amplitude of drain current will also increase, and the oscillation period of gate-source voltage will be prolonged. During the shutdown process, the increase of Ld causes the switch off time to be prolonged and the switching loss increases. 
Parasitic Capacitance
According to the data handbook, we can know the parasitic capacitance parameters of the enhanced GaN power devices GS66502B. The gate-drain capacitance Cgd is 0.5pF, the capacitance between the drain-source electrodes is 15.5pF, and the capacitance between the gate-source electrodes is 63.5pF. Figure VIII, Figure IX , Figure X gives the switching waveforms of three parasitic capacitance respectively. Among them, the blue line represents Uds, the green line represents Uds, and the red line represents Id. The capacitance Cgd between the gate-drain affects the change rate of the voltage Uds at the two ends of the drain-source, and the greater Cgd, the slower the change of the Uds. The capacitance Cgs between the gate source is the main factor affecting the rate of current change. With the increase of Cgs, the current changes more slowly. The capacitance Cds between the drain source determines the peak of the peak of the current, and the larger the Cds, the more serious the current peak is.
Effect of Parasitic Parameters on Switching Characteristics in Boost Circuits Based on GaN Power Devices
The analysis shows that the spike and oscillation in the circuit are mainly caused by the parasitic capacitance and the charging and discharging of the parasitic inductance in the circuit during the opening and closing of GaN power device. The peak of the driving voltage Vgs is mainly caused by the stray inductors in the drive circuit and the parasitic capacitance of the power devices, in the process of GaN power devices turn on and turn off the circuit, energy exchange between parasitic inductance of line and parasitic capacitance, thus forming the voltage oscillation and voltage spike. Because GaN power devices are equivalent diodes, there is no reverse recovery current. Therefore, it can be concluded that the spike of current ID is mainly caused by parasitic capacitance discharge.
By comparing the experimental waveforms and the simulation waveforms of the Boost circuit, it is found that waveforms at the end of the drain-source of the simulation circuit is ideal without considering parasitic inductance, as shown in Figure 12 . There is no large amplitude oscillation in the opening and closing time of the GaN power device, especially at the turn off time. But comparing the waveform of GaN power devices in experiment, we can see that GaN power devices are oscillating at opening and closing instant, especially at the beginning of opening. The amplitude of oscillation is larger than that without parasitic inductance, as shown in Figure 11 . The comparison between simulation and experiment shows that there is a line of parasitic inductance in the Boost circuit of the actual GaN power device, which makes the GaN power device oscillate at a certain amplitude at the time of opening and closing. The oscillation of the opening and closing time of the GaN power device in the circuit is caused by the charge and discharge of the parasitic capacitance and the stray inductance. Among them, the parasitic capacitance is determined by the characteristics of the device itself, and the parasitic inductance of the circuit is mainly related to the PCB wiring of the circuit. The parasitic inductance on the PCB line is related to the length, width and thickness of the line. The larger length of the PCB line, the smaller the thickness and the width, the greater the parasitic inductance of the line [6] . For the shape rule PCB conductor, its inductance can be calculated by the formula (1):
In the formula, u0is a vacuum permeability, the l is the conductor length, the b is the conductor width, and the c is the conductor thickness.
Under the condition of line parasitic inductance, oscillation occurs at the instant of GaN power device's opening and closing, and the oscillation is more serious when the line inductance is larger. That is to say, the influence of different parasitic parameters on the opening and closing of the circuit is different. When the parasitic parameter Ls is larger, the oscillation is more severe and the oscillation time is longer. The specific circumstances so compared to the actual circuit, the circuit simulation for GaN power devices must take into account the effects of parasitic parameters on the circuit, the circuit parasitic parameters control is smaller for the switching characteristics of GaN power devices and more excellent in the actual circuit application.
Conclusion
This paper analysis the dynamic characteristics of monomer increased GaN power devices, the effects of parasitic parameters on the switching characteristics of GaN power devices are analyzed by double pulse simulation and experimental comparison, and on this basis, the comparison and analysis of the opening and closing of GaN power devices in the Boost circuit are carried out by simulation and experiment. The results show that the effect of parasitic parameters on the switching characteristics must be taken into account in the circuit simulation based on GaN power devices.
